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(54) Illuminator 

(57) An illuminator comprises a light guide in the 
1orm of a light pipe (12), one surface (12a) of which is 
provided with a polarization separating layer in the form 
of an anisotropic layer (16) for separating substantially 
all of the light of one polarization from the orthogonal 



polarization component. The anisotropic layer (16) is 
provided between the light pipe (1 2) and a reflector (18). 
The layer (16) has a first refractive index greater than 
or equal to that of the light pipe (12) and a second re- 
fractive index less than that of the light pipe (12). 
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Description 

This invention relates to an illuminator, 1or example 
to an illuminator suitable tor use with a liquid crystal dis- 
play. 

Liquid crystal displays (LCDs) require polarizec! il- 
lumination systems. Thus when using a conventional 
fluorescent tube and light pipe arrangement to illuminate 
an LCD, a polarizer is required. The polarizer absorbs 
one polarization component of the light incident thereon 
and transmits the orthogonal component. Such polariz- 
ers therefore absorb at least 50% of the light incident 
thereon and hence illumination systems using such po- 
larizers are inefficient. 

In order to improve the efficiency of such systems, 
polarizers have been designed which convert one po- 
larization component to match the polarization of the or- 
thogonal component. Such arrangements are described 
in EP 042821 3 and EP 0467447 and comprise polariza- 
tion sensilive beam splitters including a layer of birefrin- 
gent material. These arrangements are relatively bulky 
and so are suitable only for use in projection display sys- 
tems. 

US 4798448 describes an arrangement in which a 
biref ringent medium is arranged to separate two orthog- 
onal components of plane polarized light from one an- 
other. A patterned half wave plate is arranged so that 
substantially all of one component falls on regions of the 
plate which do not alter the polarization of light incident 
thereon whereas the other component is incident upon 
regions which rotate the axis of polarization by 90° so 
as to match the polarization of the first component. The 
light emitted by this arrangement is of substantially uni- 
form polarization, but the arrangement has the disad- 
vantage of being relatively bulky. 

Further arrangements for producing light of sub- 
stantially uniform polarization are described in the Jap- 
anese Journal of Applied Physics 29, 1 974, 1 990, in US 
5295009 and in EP 0634674. These arrangements use 
cholesteric liquid crystal polymers to transmit one hand- 
edness of circular polarization and reflect the other 
handedness. The reflected handedness is incident upon 
a mirror which alters the polarization of light incident 
thereon so as to be able to be transmitted by the chol- 
esteric liquid crystal polymer material. 

EP 0 573 905 discloses a retro-reflecting polariser 
for use in overhead projectors. The polariser is located 
between a projection light source and a liquid crystal 
spatial light modulator and passes one linear polarisa- 
tion while reflecting the orthogonal polarisation. There 
is a mention of recycling the reflected light but no details 
are given. 

EP 0 492 636 discloses a polarised light source for 
a projector. A polarising surface is disposed within a po- 
larisation beam splitter and divides light from a light 
source into two orthogonally polarised components. A 
first component is reflected out of the splitter whereas a 
second component is reflected back towards the light 



source. The second component passes through a quar- 
ter waveplate and is reflected by a reflector behind the 
lamp so as to pass back through the quarter waveplate. 
The polarisation vector of the second component is thus 

s rotated through 90 degrees and is reflected out of the 
splitter with the first component. 

US 4 212 048 discloses a front light for a reflective 
dichroic liquid crystal display comprising a light guide 
with a light source near its edge. A polariser is embed- 

10 ded within the light guide so as to pass a linearly polar- 
ised component of light from the light source. This com- 
ponent is guided along and out of the light guide so as 
to illuminate the display from the front. 

W094/11776, W095/17692 and W095/17699 dis- 

15 closes a multiple layer reflective polariser disposed be- 
tween an optical cavity and a liquid crystal display. The 
polariser comprises a multilayer sandwich of alternate 
layers of birefringent and isotropic materials. The sand- 
wich comprises many layers, possibly many hundreds 

20 of layers, and so is difficult to manufacture. Operation is 
based on multiple reflectors at each interface of the 
sandwich to separate two orthogonal polarisations. 

According to the invention, there is provided an il- 
luminator as defined in the appended Claim 1. 

25 Preferred embodiments of the invention arc defined 
in the other appended claims. 

The purpose of the polarisation separating layer is 
to separate the majority of one polarisation state from 
the orthogonal state but polarization separating layer is 

30 unlikely to be totally effective. In practice, most of one 
polarisation state is transmitted by the layer, a relatively 
small proportion being reflected. Similarly, for the other, 
orthogonal, polarisatbn state, most of the state is re- 
flected, a relatively small proportion being transmitted. 

35 The use of a patterned anisotropic layer permits the 
second polarization component to be emitted from the 
illuminator. A polarization rotator or retarder is conven- 
iently arranged to convert the polarization of the light of 
the second component to match that of the first compo- 

40 nent, such an arrangement permits substantially all of 
the light to be used to illuminate an LCD. 

The use of an anisotropic layer to separate the po- 
larization components permits the illuminator to be com- 
pact compared to most previously known arrange- 
rs ments. 

The invention will further be described, by way of 
example, with reference to the accompanying drawings, 
in which: 

so Figure 1 is a diagrammatic view of an illuminator 

constituting a first embodiment of the invention 
used in conjunction with a liquid crystal display; 

Figure 2 is a diagrammatic view of an illuminator 
55 constituting a second embodiment of th invention; 
and 

Figure 3 is a view of a modification to the illuminator 
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of Figure 2. 

The illuminator illustrated in Figure 1 comprises a 
light source 10 in the form of a fluorescent tube coupled 
to a light pipe 1 2. A reflector 1 4 is positioned behind th e s 
light source 10 in order to reflect substantially all of the 
light emitted by the light source 1 0 towards the light pipe 
12. 

The light pipe 12 includes a first surface 12a upon 
which an anisotropic layer 1 6 is provided. A reflector 1 8 10 
is positioned adjacent the anisotropic layer 16 so as to 
reflect light transmitted by the anisotropic layer 16 back 
through the anisotropic layer 16 and the light pipe 12. 

A second surface 1 2b of the light pipe 1 2 is provided 
with a first retarder 20, adjacent which a second retarder is 
22 and a weak polarization preserving ditfuser 24 are 
provided. The light transmitted by the weak polarization 
preserving diffuser 24 is incident upon a liquid crystal 
display 26. The first and second retarders 20, 22 con- 
venienlly comprise layers of anisotropic material ar- 20 
ranged such that their combined effect upon light trans- 
mitted by both layers is negligible, the second retarder 
22 substantially compensating for the effect of the first 
retarder 20. 

The anisotropic layer 16 is arranged with its optic 2s 
axis extending into the plane of Figure 1, and is made 
of a material having an extraordinary refractive index 
larger than or equal to the refractive index of the light 
pipe 12. The ordinary refractive index of the anisotropic 
material of the layer 16 is less than the refractive index 
of the light pipe 12. 

In use, unpolarized light from the light source 10 is 
incident upon the interlace between the light pipe 1 2 and 
the anisotropic layer 16. Substantially all of the compo- 
nent of the unpolarized light having a polarization nor- 
mal to the plane of the paper, denoted by a dot in Figure 
1, passes through the interface between the light pipe 
12 and the anisotropic layer 16 and is reflected by the 
reflector 18. The reflector 18 preferably preserves the 
polarization of the light incident thereon but is arranged 
to change the angle of the light reflected thereby so that 
when it is returned through the light pipe 12, the light is 
transmitted through the first retarder 20, the second re- 
tarder 22, the weak polarization preserving diffuser 24 
and the liquid crystal display 26. The change in angle of 
the light may be achieved by providing, for example, a 
diffuse, faceted, or prismatic specular reflecting surface 
on the reflector 18. 

Because the refractive index of the light pipe 12 is 
equal to the extraordinary refractive index of the aniso- 
tropic layer 16, substantially no light of the component 
denoted by the dot in Figure 1 is reflected at the bound- 
ary between the light pipe 12 and the anisotropic layer 
16. Thus substantially all of the light of this component 
is reflected by the reflector 18 and transmitted towards 
the liquid crystal display 26. 

Light of the second orthogonal component denoted 
by double-headed arrows in Figure 1 suffers total inter- 



nal reflection at the boundary between the light pip 12 
and the anisotropic layer 16 due to the refractive index 
of the light pipe 1 2 being less than the ordinary refractive 
index of the anisotropic layer 16. The light of this com- 
ponent is therefore not incident upon the reflector 1 8 and 
so is not reflected towards the liquid crystal display 26. 

If the refractive index n n of the light pipe 12 is 1.58, 
and the anisotropic layer 16 has an ordinary refractive 
index n 0 of 1 .48 and an extraordinary refractive index n e 
of 1.58, then for the component polarized in the plane 
of Figure 1 (denoted by the double-headed arrows in 
Figure 1), applying Snell's Law gives: 

n 1 sin0 l = n Q sinfi 0 

Since n 1 is greater than n 0 , for greater than the critical 
angle 0 C , all of the light of this component is reflected at 
the boundary between the light pipe 1 2 and the aniso- 
tropic layer 16. 

For the other component (denoted by the dot in Fig- 
ure 1), 

n l sin6 1 = n e sin6 e 

Because n, = n e , and = 0 e , the light of this com- 
ponent passes directly into the anisotropic layer 1 6 with- 
out deviating from its original direction. 

The light pipe 12 is likely to be slightly anisotropic 
and hence, as the light bounces along the light pipe 1 2, 
polarization conversion occurs. Thus, eventually sub- 
stantially all of the light of the second component is con- 
verted to light of the first polarization component and is 
reflected out of the light pipe by the reflector 1 8. The first 
retarder 20 of an anisotropic material increases this ef- 
fect, so that the light pipe 12 and the first retarder 20 
eventually convert the polarization of the second com- 
ponent to match that of the first component. The second 
retarder 22 takes the form of an additional thin film of 
anisotropic material of the opposite orientation to the 
first retarder 20, and is placed after the light pipe 12 in 
order to negate the effect of the first retarder 20 and en- 
sure that the liquid crystal display 26 is illuminated by 
light of the appropriate polarization. 

Alternatively, if the first retarder 20 takes the form 
of a quarter wave plate arranged lo illurninale the liquid 
crystal display 26 with circularly polarized light, the sec- 
ond retarder 22 may be omitted, the first retarder 20 still 
performing a polarization converting function. 

If the light pipe is made of polycarbonate with a re- 
fractive index of 1 .58 as described above, tho maximum 
grazing angle at the interface with the anisotropic layer 
1 6 is approximately 39°. To ensure that all of th light of 
the polarization compon nt denoted by the doubl - 
headed arrow in Figure 1 is r fleeted at the interfac 
between the light pipe 12 and the anisotropic layer 16, 
it is desirable for the grazing angle to be as small as 
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possible. In the above described example, the ordinary 
refractive index n 0 is 1 .48, resulting in a maximum graz- 
ing angle for total internal reflection of approximately 
20°. It will therefore be understood that an arrangement 
is preferable for reducing the maximum input grazing 
angle of the light transmitted into the light pipe 12. One 
suitable technique for reducing the maximum input an- 
gle is to shape the input edge of the light pipe 12 into a 
wedge 30 (see Figure 3). It has been found that a wedge 
angle of approximately 5°, an input width 3 mm and a 
wedge length of 11 mm are sufficient to reduce the max- 
imum input grazing angle to approximately 20°. A suit- 
able technique is described in SID International Sympo- 
sium, Digest of Papers, A1.3, 1994. 

The anisotropic layer 16 may comprise a film of a 
liquid crystal polymer or monomer which has suitable 
refractive indices, the material being appropriately ori- 
entated and cured or fixed to form a solid stable film. 
The film may, for example, comprise a layer of uniaxial ly 
oriented liquid crystal polymers or a layer of cross-linked 
liquid crystal polymers. It is understood that a film thick- 
ness of several microns would be adequate to produce 
the device. By using suitable lamination techniques, the 
reflector may be laminated to the light pipe 12 using the 
material which, when cured, forms the anisotropic layer 
16 to adhere the reflector to the light pipe 12. In this 
case, an alignment layer is applied to both the reflector 
1 8 and the light pipe 1 2 in order to cause the liquid crys- 
tal to align in the appropriate direction. Depending upon 
the liquid crystal, heat or ultraviolet light may be used to 
fix the properties of the liquid crystal layer. 

The first and second retarders 20, 22 may also be 
fabricated using liquid crystal polymers which have 
been provided on the appropriate surfaces, aligned in 
the desired directions and fixed to form stable films. Suit- 
able techniques for aligning the liquid crystal polymers 
include providing suitably rubbed alignment surfaces, or 
providing alignment surfaces which are coated with an 
alignment layer which is subsequently rubbed. The 
thickness of the films forming the first and second re- 
tarders 20, 22 is chosen to provide the required optical 
retardation. 

The embodiment illustrated in Figure 2 is similar to 
that illustrated in Figure 1 but includes a patterned ani- 
sotropic layer 16 having first and second regions 16a 
and 16b. The first regions 16a reflect the polarization 
components denoted by the double-headed arrow and 
transmit Ihe orthogonally polarised components. The 
second regions 16b have refractive indices arranged 
such that the components denoted by the double-head- 
ed arrow are transmitted at the interface between the 
light pipe 12 and the anisotropic layer 16 whereas the 
orthogonally polarised components arc reflected. 

The illuminator further comprises a patterned polar- 
ization rotator or retarder 28 including regions 28a which 
do not rotate the direction of polarization of the light in- 
cident thereon, and regions 28b which are arranged to 
rotate the direction of polarization such that light of the 



second polarization components denoted by the dou- 
ble-headed arrow in Figure 2 incident upon the regions 
28b of the patterned polarization rotator 28 is converted 
to the components denoted by the dot in Figure 2. 

s As illustrated in Figure 2, the polarization compo- 

nent denoted by a dot is transmitted at the boundary be- 
tween the light pipe 12 and the region 16a of the aniso- 
tropic material 16, and reflected by the reflector 18 
through the region 28a of the polarization rotator 28. 

10 Since the region 28a has no effect upon the polarization 
of light incident thereon, light of the polarization denoted 
by the dot is transmitted towards the liquid crystal dis- 
play 26. 

The polarization component denoted by the double 

15 headed arrow in Figure 2 is reflected at the boundary 
between the region 16a of the anisotropic layer 16 and 
the light pipe 12 and after one or more subsequent re- 
flections, is incident upon the region 16b where it is 
transmitted to the reflector 18. The reflector 18 reflects 

20 the component out of the light pipe 12 through the region 
28b of the polarization rotator 28 which rotates the po- 
larization of the component to match that of the compo- 
nent denoted by the dot in Figure 2. 

Substantially all of the light emitted by the illumina- 

25 tor illustrated in Figure 2 is of uniform polarization. Also, 
substantially all of the light from the light source 1 0 is 
transmitted by the illuminator, so that substantially no 
light is absorbed. Such an arrangement is therefore suit- 
able for illuminating the liquid crystal display 26. 

30 US 5303322 describes an arrangement whereby a 

lightpipe is provided with one or more thin films which 
permits the angular intensity distribution of the light pipe 
to be controlled. The arrangement of the present inven- 
tion could be used in conjunction with such a lightpipe 

35 in order to provide a lightpipe having a polarized output 
of controlled angular intensity distribution. 

In the preceding description, only light beams prop- 
agating in the plane of the paper have been described 
whereas, in a practical embodiment, light beams prop- 

40 agating at angles to the plane of the paper would also 
exist. 

A computer simulation of an arrangement similar to 
that of the first embodiment has been carried out, the 
simulation relating to an arrangement comprising a poly- 
45 carbonate light guide of refractive index 1 .58 coated with 
a uniaxial anisotropic layer (for example a liquid crystal 
polymer film) having its optic axis extending perpendic- 
ularly to the plane of the paper if the light guide is ori- 
ented as illustrated in Figure 1. The anisotropic layer 
50 has an extraordinary refractive index of 1 .58 and an or- 
dinary refractive index of 1 ,48. 

In the simulation, the angles of the light rays enter- 
ing the light guide aro restricted so that the maximum 
grazing angle of light within the light guide at the inter- 
ns face between the light guide and the anisotropic layer is 
limited to 20°. Such a distribution of light was cr ated 
using an arrangement as illustrated in Figure 3 using a 
fluorescent lamp 10, a parabolic reflector 14 and a col- 
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limating wedge 30. The fluorescent lamp was modelled 
as being arranged to emit light of random po!ari7ation 
randomly in all directions. 

The simulation simulates the effect of light propa- 
gating both in a direction parallel to the plane of the pa- 
per when the light guide is oriented as in Figure 1, and 
in other directions into and out of the plane of the paper. 
The simulation showed that light transmitted into the an- 
isotropic layer was polarized in the x-y plane with the 
polarisation being mainly in the y-direction (with x and y 
being the directions indicated in Figure 1, y extending 
perpendicularly to the plane of the paper). The ratio of 
the intensities of the light polarised in the y and x direc- 
tions was found to be approximately 15:1, the equivalent 
ratio for a conventional light guide being 1:1. 



in that the or each polymer layer comprises a liquid 
crystal layer. 

7. An illuminator as claimed in Claim 5 or 6, charac- 
5 terised in that the or each polymer layer is formed 

of a cured liquid crystal monomer composition. 

8. An illuminator as claimed in Claim 5 or 6, charac- 
terised in that the or each polymer layer is formed 

io of a cross-linked liquid crystal polymer. 

9. An illuminator as claimed in Claim 7 or 8, charac- 
terised in that the or each polymer layer has been 
cured or cross-linked by irradiation with ultra violet 

is radiation. 



Claims 

1. An illuminator comprising a light guide (12) having 
a first surface (12a) and a second surface (12b), 
characterised by: a reflector (18) arranged to reflect 
light, which has passed through the light guide (12) 
and out of the first surface (12a), through the first 
surface (12a), the light guide (12) and the second 
surface (1 2b); and a first anisotropic layer (1 6) dis- 
posed in contact with the first surface (12a) and be- 
tween the light guide (12) and the reflector (18) for 
separating substantially all of a first polarisation 
state from a second orthogonal state, the first an 
isotropic layer (16) having a first refractive index 
which is substantially equal to or greater than the 
refractive index of the light guide (12) and a second 
refractive index which is less than the refractive in- 
dex of the light guide (12). 

2. An illuminator as claimed in Claim 1 , characterised 
in that the light guide (1 2) exhibits anisotropic prop- 
erties. 

3. An illuminator as claimed in Claims 1 or 2, charac- 
terised by a second layer (20) of anisotropic mate- 
rial disposed adjacent the second surface (1 2b) and 
arranged to convert the polarization of light incident 
thereon. 

4. An illuminator as claimed in Claim 3, characterised 
by a third layer (22) of anisotropic material disposed 
adjacent the second layer (20) and arranged to re- 
turn light transmitted by the second layer (20) to its 
original polarization. 

5. An illuminator as claimed in Claim 4, characterised 
in that at least one of the first, second and third lay- 
ers (16, 20, 22) comprises a uniaxially orientated 
polymer layer. 

6. An illuminator as claimed in Claim 5, characterised 



10. An illuminator as claimed in any one of Claims 3 to 
9 characterised in that the second layer (20) com- 
prises a quarter wave plate. 

20 

11 . An illuminator as claimed in any one of the preced- 
ing claims, characterised in that the first layer (16) 
is patterned so as to comprise at least one first re- 
gion (1 6a) arranged to transmit substantially all light 

25 of a third polarization state and at least one second 
region (16b) arranged to transmit substantially alt 
light of a fourth polarization state orthogonal to the 
third state. 

30 1 2. An illuminator as claimed in Claim 1 1 , characterised 
by polarization adjusting means (28) for converting 
light of the fourth polarisation state to light of third 
polarization state. 

35 13. An illuminator as claimed in Claim 1 2, characterised 
in that the polarization adjusting means (28) in- 
cludes at least one first region (28a) arranged to 
transmit light without altering its polarization and at 
least one second region (28b) arranged to convert 

40 the polarization of the light incident thereon to the 
orthogonal polarization. 

14. An illuminator as claimed in any one of the preced- 
ing claims, characterised in that the reflector (18) 

45 and the first layer (16) are laminated to the light 
guide (12). 

1 5. An illuminator as claimed in any one of the preced- 
ing claims, characterised by means (30) for limiting 

50 the maximum grazing angle at which light enters the 
light guide (12). 

1 6. An illuminator as claimed in Claim 1 5, characterised 
in that the limiting means comprises an input wedge 

ss (30). 
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(54) Illuminator 

(57) An illuminator comprises a light guide in the 
form of a light pipe (12), one surface (12a) of which is 
provided with a polarization separating layer in the form 
of an anisotropic layer (16) for separating substantially 
all of the light of one polarization from the orthogonal 



polarization component. The anisotropic layer (16) is 
provided between the light pipe (1 2) and a reflector (18). 
The layer (16) has a first refractive index greater than 
or equal to that of the light pipe (12) and a second re- 
fractive index less than that of the light pipe (12). 
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